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l. Status of the NICA project at JINR

The main goal of the NICA project is an experimental study of
hot and dense nuclear matter and spin physics
These goals are proposed to be reached by:

. development of the Nuclotron as a basis for generation of intense

beams over atomic mass range from protons to uranium and light
polarized ions;
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* design and construction of heavy ion collider W|th maximum
collision energy of Vs, ~ 11 GeV and average luminosity
102" cm2 s (for U°?*), and polarized proton beams with energy
Vs ~ 25 GeV and average luminosity > 103° cm2 s

* design and construction of the Multi-Purpose Detector (MPD)



The NICA Project Milestones n

- Stage 1: years 2007 — 2009
- Upgrade and Development of the Nuclotron

= Preparation of Technical Desigh Report of the NICA and MPD
- Start prototyping of the MPD and NICA elements

- Stage 2: years 2008 — 2012
Design and Construction of NICA and MPD

- Stage 3: years 2010 — 2013
Y - Assembling
. Stage 4: year 2013 - 2014

RESEARCH

- Commissioning
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NICA general layout




The NICA Collider Complex

-
Komnnekc HWKA Bknoyaetr B cebs  LENnoYyky YCTPOWCTB N ycKOpuTEnbHbIX cucteM B cnedytoifiel
nocnenoBarefibHOCTU: MCTOYHUK WMOHOB — nMpenyckopyrenb — JNUHEWHbIA pe30HaHCHbIA YCKopuTenb
HU3KO03apsAaHbIX UOHOB — CUHXPOTPOH-6ycTep — KO/ cBepxnpoBoastiilero Konnanpepa - gherekTopsl

et

e HMcTounE nodoe - ApenycEopiTent - NIMHAK

“ﬁ 'L : e LIRS - S ".-I
Hyenotpon :

KaHank! ELIEeeHHEIX My4YEDE

Kopnyc 205 MakcrmManbHO BO3MOXXHOE NCNONb30BaHNE CyLEeCTBYOWENR
NHPPACTPYKTYypbl  MO3BONSET  CYWECTBEHHO  CHU3UTb
CTOMMOCTb CoOopyXeHus komnnekca HUKA

Peannsauusi komnnekca HVKA cBsizaHa co 3Ha4YMTebHbIMU TEXHONOrMYECKUMUN NHHOBALIMSIMU, HANpUMep:
* HOBblE KOHCTPYKLIMN CBEPXMPOBOAAWMX MArHUTOB 1 OPUrMHANbHbIE METObLI TOYHOMO YNPaBieHNs napaMeTpamm Nyykos;
 60NblINE OETEKTOPbI, AN PErNCTPALUN TPAEKTOPUIA MHOXECTBA POX JAIOWNXCS B 9KCMEPUMEHTAX YacTuu;

* HOBble annapaTtHble XU MporpaMMHble peweHus ons obpaboTkyM nHopMauuM B PeXUMe BbICOKO CKOPOCTM MoToKa

OaHHbIX.



Scheme of the NICA compex

Injector: 2x10° ions/pulse of 23832+

at energy 6 MeV/u

1(2-3) single-turn injections,
storage of 2(4-6)x10°,
acceleration up to 70 MeV/u

Storage of i
electron cooling,
17 bunches x 1[010° ions per ring acceleration °
at1-4.5 GeV/u, up to 640 MeV/u

electron and/or stochastic cooling
- Stripping (80%) 197Au32+ D G

A

Two Nuclotron (45 Tm)

IP-1 superconducting IP-2 injection of one bunch

of 1.1x10° ions,
acceleration up to
1-4.5 GeV/u max

collider rings
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NICA Collaboration

Joint Institute for Nuclear
Research

Institute for Nuclear Research _ _
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Conceptual Design Report
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www.gsi.de/documents/DOC-2004-Mar-196-2.pdf
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Phase Diagram n

Yu.lvanov, V.Russkikh,V.Toneev, 2005 MPD Letter of Intent (2007
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Dense QCD Phase Diagram

D. Blaschke, F. Sandin, V. Skokov, 2009
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http://theor.jinr.ru/twiki~cgi/view/NICA/WebHome

The NICA Physics Program m

Study of in-medium properties of hadrons and nuclear matter equation of
state including a search for possible sighs of deconfinement and chiral
symmetry restoration phase transitions and QCD critical endpoint

Experimental observables:
Scanning in beam energy and centrality of excitation functions for

& Multiplicity and global characteristics of identified hadrons including
(multi)strange particles

% Fluctuations in multiplicity and transverse momenta
& Directed and elliptic flow for various indentified hadrons
% Particle correlations

¢ Dileptons and photons

CPOD Brookhaven, June 12, 2009 D. Blaschke 15



Fluctuations [ll

Lattice QCD predictions: Fluctuations of the quark number
density (susceptibility) at p_B >0 (C.Allton et al., 2003)

X, (Quark number density

fluctuations) will diverge at
the critical end point

Experimental observation:
* Baryon number fluctuations

» Charge number fluctuations

CPOD Brookhaven, June 12, 2009 D. Blaschke 16



Collective flows

—
- -
———

Interactions between constituents lead to a
pressure gradient => spatial asymmetry is
converted in asymmetry in momentum
space => collective flows

Non-central collisions

directed elliptic
flow flow

CPOD Brookhaven, June 12, 2009 D. Blaschke 17



Correlation femtoscopy of identical

particles
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Signals of chiral symmetry restoration




Signals of color superconductivity
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MPD Collaboration

Joint Institute for Nuclear
Research

Institute for Nuclear Research
Russian Academy of Science

Bog OIyu bov InStitUte Of The MultiFurpose Detector (MPIY)
Theoretical Physics, NASUk

to study Heavy Ton Collisions at NICA

Letter af Intent

Skobeltsyn Institute of Nuclear
Physics of Lomonosov MSU, RF

Institute of Apllied Physics,
Academy of Science Moldova

A consortium involving GSI, JINR &
other centers for IT module development

& production is created. http://nica.jinr.ru
Signed MoU with GSI in July 2008

Dubasa, 2008
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Conceptual Design Report
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Nuclotron-based Ion Collider
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- V. Concluding remarks

Round Table Discussion |
Searching for the mixed phase of strongly interacting
matter at the JINR Nuclotron

July 7 - 9, 2005
http://theor.jinr.ru/meetings/2005/roundtable/

Round Table Discussion Il

Searching for the mixed phase of strongly interacting matter
at the JINR Nuclotron: Nuclotron facility development

JINR, Dubna, October 6 - 7, 2006
http://theor.jinr.ru/meetings/2006/roundtable/

— = Round Table Discussion lli

Searching for the mixed phase of strongly interacting
QCD matter at the NICA: Physics at NICA

JINR (Dubna), November 5 - 6, 2008

hilp Round Table Discussion IV
Searching for the mixed phase of strongly interacting
QCD matter at the NICA: Physics at NICA (White Paper)
JINR (Dubna), September 7 - 11, 2009
http://theor.jinr.ru/meetings/2009/roundtable/
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Alexander Andrianov, Vladimir Andrianov and Domenec Espriu, "Spontaneous P-violation in dense matter accessible with NICA"
A.B. Kaidalov, "New forms of QCD matter and cumulative processes"

Bedanga Mohanty, "Experimental advantages of collider over fixed target"

Francesco Becattini, "Chemical freeze-out and strangeness production study at NICA"
M. Di Toro, V. Greco, B. Liu, S.Plumari, "Isospin Effects on Phase Transitions of Hadronic to Quark Matter: a Proposal for the NICA Project"

Jean Cleymans and Jorgen Randrup, "Optimal conditions for exploring high-density baryonic matter"
Richard Lednicky, "Femtoscopic search for the 1-st order phase transition"
Boris Tomasik, "Hadronic signals of non-equilibrium phase transition"
E.L. Bratkovskaya and W. Cassing, "Observables and open problems for NICA"
Alexander Nagaytsev, "Spin physics at NICA"

Nu Xu, "Comments Mixed Phase Physics"

G.I. Lykasov, A.N. Sissakian, A.S. Sorin, O.V. Teryaev, "Complementarity and duality in heavy-ion collisions"
E. Levin, "My several thoughts on NICA"

A.V. Efremov, O.V.Teryaev, V.D. Toneev, "Polarization effects in heavy ions collisions at NICA"
V. V. Skokov, V.D. Toneev, "On CP violation in heavy-ion collisions at the NICA energy."
K.K. Gudima, V.D. Toneev, "Dileptons at NICA"
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@Quantum anomalies play an important role in
the bulk properties of hot QCD matter

@Scale anomaly induces a sharp peak in bulk
viscosity at the QCD phase transition

@Axial anomaly and sphalerons may induce an
event-by-event P and CP violation =

@Al of this can be studied at NICA




Outline
NICA’s niche on the phase diagram of QCD

Classical symmetries and quantum anomalies
Scale anomaly and bulk viscosity of QCD matter
Axial anomaly and event-by-event P and CP violation

What do we need to study these phenomena at NICA?



What do we need to study these
phenomena at NICA?

* Detect charged particles with as large
acceptance as possible (2 is a must)

* Particle ID would require a high luminosity
( need ~ 100 M events or more)
* The study of scalar critical fluctuations

would benefit from detection of soft
photons
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CoBMecCTHbIN obwemockoBckuin cemmHap ONSAN, COBMECTHbIN HAYYHbI CEMUHAP
NAN PAH, UTOD, HUAD MI'Y, DUPAH no ONAN n THL NP BS no npoekTy
npoekTy NICA/MPD, Mocksa, 27.03.2008 NICA/MPD [lpoTtBnH0,14.02.2008

ropsueil U NNOTHOM CUNLHOB3aUMOARACTBYIOWEN
KX/} MaTepnin 1 NOUCK BO3MOXHbIX NPOABAEHUN
06pa30BaHNs CMeWaHHON a3kl U KpUTM4ECKon

TOYKM B CTONKHOBEHMAX TAXENLIX MOHOB.

Pemenne
O emMOCKOBCKOND CEMMARANEA 0 Pean THEHCTCEeH sacpaoil douaamre

27 mapra 2008 roga
HucraTyT MlospHene Mocpenooranmit FATT

W¥ractauxn cesapuapa  Clipoesr NICA  (TRmeaomwome=fi  coanafifep: KOHUSEOHN, LI8HB
PCANKMIAMAN  H  TCPCNSKTHER  COBMECTHRY  PaSoT)"” SacHyimas ACRTANE, NPeacTasicHHENS
pazpatorausane Tlpoesra NICAMMPD (OFLHEM):

. A H. Cocaxse "Crarye npoesra NICAMPI".

2. A H. Cucaxan, AC. Copuia "[Tporpascua iiamsecom SCCIeao M il ma

VOROPDETCABHOM Hommnercs NICA™.

3. MLH. Memrson "KonuenTyAnbHEE NpPCeekT FrROPHTEILEOND Kosanyekes NICA"™

4, B J. Kexenmaze "HonuenryubaLil GRoekT MECTOIETeR0rne Aaerertopa MPIZ'
H ODCYAHE AN [ CONePIEaHNe NPGeKTa, 8 THEME TePCieKTHRED ST OCYINEC TR, TPAILTH K
COACANHMIICMY SRRITISCHITR.

1. OEUIADECKAn npodaese, HHEEHapoRasmas  paipatoTry  [Ipoenya, smAascTea  ofpoil m3
HAaRGoIce PAHEIN CpeOH PYHIAMCHTANRHEIX OpoGnen SMIAKHE MHEDOMHPN M HA%A TEHRN
aranon spomonun Boenewmod.

2. MpeacTanpciilee HA CEMHERADE KOHMCTTYATHHES NDOCKTE MNMICA e MPD peinosMesnl Ha
GO CETETOM ¥FPOBHS © 2 OPABTSEMSHBESCM e pe LOBELN TERHONOrHE H HENMILFOBAHHCM
CPECMEATLENLIN A TPelToeHHEN B PaaanThx B Pocoom.

3. Oeymectanerae Tipockra #a Gaze nadoparopedi OFCAH GpeacTasiacTcd BIOnne peant M, &
OPCAC TERACHIEE IHIAREL pa0OT - REITOTHEM BT,

4. Omoa yoeneiors H GRCTRPONT BRTOOMeHAR LIpoOcETa NeiccooBRasHG CoSnamee 108 pueodd
BeepoccHECKON B M Ay HapOTEail monaeSoparie.

5. MucreTyTH Poccham pacnonarsior HeoGxXOoMEsMeDd HAYOHLDY B HAMEHSPHO-TEXHSCKHM
FOTCHIHIIIOM.

6, Vencmsaa peanpsarms [Tpoerra moanoasnT poecy yaacTHnran [ lpockrta sansms Jnampyrnins
MOFHIMH B REINKe BRICOKHX JHeprmil o BofiTe B MHCAe CAMBIX NepeIonLO0 HoC IS 0RETELCKH N
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Nuclotron-M Machine Advisory
Committee and Honorary guests
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| Visit of the GSI director Prof. Stoecker to JINR
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Aitter at high energy density



lll. Spin Physics at NICA

Polarization data has often been the orave-
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Preliminary topics: |

= Drell-Yan processes with L&T polarized p & D beams: |
extraction of unknown (poor known) PDF

" PDFs from J/y production processes

" Spin effects in baryon, meson and photon productions

" Spin effects in various exclusive reactions

" Diffractive processes

" Cross sections, helicity amplitudes & double spin asymmetries
(Krisch effect) in elastic reactions

" Spectroscopy of quarkoniums with any available decay modes

" Polarimetry




Experiment

E615

NA1O
E886
RHIC

PAX
COMPASS
J-PARC

SPASCHARM

NICA

Status

Finished

Finished
Running

Running

Plan > 2016
Plan > 2010

Plan > 2011

Plan?

Plan 2014

Experiments on Drell-Yan measurements m

RENEIES

Only unpolarized DY

Only unpolarized DY
Only unpolarized DY

Detector upgrade for DY measurements
(collider)

Problem with p polarization (collider)
Only valence PDFs

low s (60-100 GeV?), only unpolarized
proton beam

s ~ 140 GeV? for unpolarized proton beam

s ~ 670 GeV? for polarized proton beams,

high luminosity (collider) 4



IV. Applied research at NICA

Booster-sinhrotron appliction to nanostructures creations:

' Design and parameters of booster, including
Booster 4 wide accessible energy range, possibility of

P the electron cooling, allow to form dense and
-4 sharp ion beams. System of slow extraction
provides slow, prolongated in time ion
extraction to the target with space scanning of
ions on the target surface and guaranty high
controllability of experimental conditions.

© e . Production of
= - o .
nanowires, filters,
St ] st .
nanotransistors, ...
o e
il e e

lon tracks in a polymer Topography and current of a diamond-like carbon
matrix (GSI, Darmstadt)] (DLC) film.The 50 nm thick DLC film was

irradiated with 1 GeV Uranium ions. 43



O meTekTopax Yactuu anga komnnekca HAKA
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M

ABNEeHNsAX Heob6xoaoumo Habno pgaTb B COObITUAX 4

POXLOeHNs anpoHOB B TOM 4Yuc/ie
e |

-NPO6HUKN «MIPOHUKHOBEHMUS» - amHble OT BEKTOPHbIX ME30HOB Y KOPPETNPOBAaHHbIE
(BoccTaHOBIE€HNE KNPaTbHOM CUMMETRUN,WO-ME30H). LY
e
"

MHoroueneson getektop MMM, monxkxeH obecneunTb:

BOCCTaHOB/1EHWNE TPAEKTOPUI 3apPSXKEHHbIX 4acTuL, U 0B B COOLITUSIX C BbICOKO
MHoXxecTBeHHOCTb0 (TPC, BEPIWWHHbLIV CTPUIOBLIV i/l TOPbl B MarHATHOM r1o/e,

[ -
CreKTPOMETPUYECKOro MarHuTa),

naeHTUgbuKaLmo 3apsXXeHHbIX Hacru MO MOHM3aLIMOHHb M (dE/dx B TPC) wgflo BpemeHn rponera
- ]
(BpEMSI-NPONETHbLIN AETE C AOCHATOYHbIM PA3PELIEHNEM; v o
MOeHTUGOUKAaLMIO 1 U3M e Heprun 81eKTPOHOB U raMMa-KBaHTOB C BbICOKMM paspelleHnem
(aneKTpoMarHUTHbIV K é7p); & 1% [ i
L= -
ua eHTM(pI/IKaLlMlWD5HOB (MIQ@HHBIVT 1ETEKTOP). i -

[ -‘ h.
JetekTop AN CIMHOBOMN cpmsm(in AomkerobecneunTb:
|
BOCCTaHOB/IEHUE TPAEKTOPuIi 3apSXKEABILIX YacTuL, N3MEDEHNE UX UMTY/IbCOB;

I/I,ﬂeHTI/ICpI/IKaLH/H-O 3apPs>KeHHbIX YaCTtunl C 4OCTarO4YHbIM pa3pelleHneMm,

TO/15PUMETPUIO NMy4YKOB Ha BCeX dT1ariax h BOSMO>KHOCTb U3MEHEeHWA HaripaB/ieHWs CrinHa.
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